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MLS  -  An  Introduction 


"clying  car*  best  oe  r^aracterized  as  hours  of  boredom  punctuated  by  brief 
moments  of  stark  terro'' "  rne  pilot  that  made  this  observafon  may  we!’  have 
been  referring  to  the  terror  experienced  auring  a  ‘rea’  weather  min  mums 
approach.'  The  purpose  of  this  handbook  is  to  introduce  you  to  one  of 
technology's  answers  to  the  terror  of  transition,  approacn  and  landing,  or 
m’ssed  approach  in  mv’mum  weather  conditions  A  basic  familiarization  with 
fne  history,  design  and  application  of  the  Microwave  Landing  System  should  aid 
you  in  understanding  now  to  best  use  this  new  system  to  your  advantage 

Why  a.  Mm  Luting  System? 

Since  1949.  the  aviation  community  has  used  the  instrument  landing  system 
<‘LS>  as  the  wor’dwide  standard  for  precision  approaches.  The  military 
emr’oyed  them  own  backup  system,  the  ground  controlled  precision  approach 
radar  (PAR).  Both  systems  were  design  limited  to  a  single  approacn  path  and  an 
operational  minima  of  a  200-foot  ce»!mg  and  forward  visibility  of  one-naK 
mile  (112) 

The  US  and  PAP  systems  have  constituted  the  cornerstone  of  military 
landing  systems  for  the  last  thirty-five  years  During  this  time,  the  systems 
nave  undergone  major  modifications  which  have  resulted  in  significant 
improvements  in  performance  and  reliability  With  the  addition  of  many  costly 
improvements  to  protect  against  signal  degradation,  lower  minima  (designated 
Cat  :'/  Cat  Ml)  could  he  obtained  on  the  tLS(!:l2>  However,  the  systems  still 
r-^amed  severely  Mm’ ted  from  a  design  standpoint 

Limitations.  oLifie-lLS 

Thr°  T"e  f’ve  major  tecnn'ca*  limitations  to  the  ILS  system  The  most 
significant  def'cenry  is  its  susceptibility  tc  signal  interference  Multipath 
elections  from  topographic  features,  buildings,  and  other  aircraft,  airborne  or 
o«-  »•>?  ground,  result  in  signal  interference  to  both  localizer  arid  glidesiope 
ir  formation  T^’s  erroneous  data  manifests  itself  in  the  momentary  loss  of 
c?gnai  during  the  approacn  or  misal’gnment  of  centerline  and  glidepath 
mformat,on  The  second  limitation  *s  due  to  stringent  requirements  on 
antenna  placement  To  assure  proper  sigria!  propogatton,  the  ILS  gl'de  slope 
antenna  requires  a  fiat  area  void  of  obstacles  for  at  least  1200  feet  directly  in 
front  of  the  antenna  Therefore,  ter-ain  at  the  ground  site  becomes  the  primary 


i 


determining  factor  in  beam  patterning  Obstacles  often  result  m  n'Tic 
spots  on  tne  approaches,  as  a  result,  many  airfields  are  deemed  unsuitable  for 
! L5  use.  Third,  tne  ILS  glide  path  signal  is  designed  to  De  bounced  cff  the 
grounc,  as  a  result,  changes  in  ground  patterning  or  moisture  content  due  to 
such  severe  atmospheric  effects  as  snow,  heavy  ram,  or  sleet  adversely 
affect  transmission  of  the  glide  slope  signal  fotrfh,  inherent  in  the  use  of 
VH^  and  UHr  frequencies,  is  tne  limited  40  channel  frequency  availabili'y  with 
even  greater  serv:oe  limitations  in  some  areas  due  to  frequency  assignments 
already  in  existence  The  fifth,  and  most  am  limitation  to  or  ti  aff'c 

control  is  the  single  beam  design,  Providing  narrow  course  guidance  (*-  3  to  b 
degrees),  combined  with  a  single  glide  patn,  limited  to  4  degrees  elevation 
aircraft  are  often  stacked  in  holding  patterns  to  facilitate  the  stratum -m 
approach  sequencing.  The  lack  of  system  flexibility  and  limited  guidance  make 
sequencing  of  priority  traff'c  a  problem,  and  often  require  overflight  of 
populated  areas  t  M2)  (10:14)  Recognizing  these  constraints,  the  federal 
Aviation  Administration  (FAA),  international  C'vil  Aviation  Organization 
(ICAO),  ana  international  user  governments  began  tne  search  for  a  worldwide 
replacement  for  the  present  non-vsual  precision  aporoach  and  landing  system 
suitable  for  both  military  and  civilian  application 

„-J1LS.  design  requirements 

in  1971,  the  Radio  Technical  Commission  for  Aeronautics  Special  Committee 
No.  1 17  ( R T C A  SC-1 17),  a  group  representative  of  government,  industry  ana 
aviation  system  users,  presented  a  Development  Objective  (DO-146'  which 
established  the  guidelines  for  the  ensuing  search  'ora  replacement  for  the 
present  ILS  ip  1973,  the  International  Civ!  Aviation  Organization  OCAQ), 
provided  the  operational  requirement  for  "A  New  Non- Visual  Precision  Approach 
and  Landing  System."  Requirements  for  a  new  microwave  landing  system  were 

a  Provide  a  high  integrity  signal  in  space,  which  is  insensitive  to  a 
physically  dense  airport  environment; 

b.  Permit  aU-weatner  operations  with  an  extremeiv  high  degree  of 
safety; 

c  Provide  for  a  common  cvil/military  system  in  accordance  w’H 
pa?  local  ivOicy, 

•;j  P* ovice  ‘or  low  cost  ven-oons  winch  will  pcrrut  the  exte'-si':'  of 
service  to  low  density  airports  on  an  eronom-c?’  oasts, 


p  Fuihll  operational  needs  of  V/5TOL  aircraft  for  approach  ana 
lardmg  services, 

f  Provide  a  Mexih'e  guidance  system  which  will  aid  in  noise 
abatement. 

g.  Provide  t^e  capability  for  generating  curved  approaches  to 
runways  as  a  means  for  increasing  airport  capability; 

h.  Permit  less  separation  (2500  feet >  of  parallel  instrument  flight 
'■dies  (!FR)  runways; 

i  Provde  for  tactical  military  versions  of  the  system  on  a 
compatible  basis.; 

j.  Provide  a  system  design  which  will  be  internationally  acceptable 
as  a  replacement  for  the  ICAO  standard  VHF/UHF  IL5  and  will  meet 
worldwide  requirements  until  at  least  the  year  2000  (1:16) 

The  MLS  -  Going  Operational 

Between  1971  and  1978,  numerous  systems  were  tested  worldwide,  and  the 
If  AO  selected  the  Time  Reference  Scanning  Beam  (TRSB)  technique  as  the  new 
wor!d  standard.  AMer  it's  selection,  the  new  TRSB  Microwave  Landing  System 
spent  thirteen  years  in  design,  test,  and  evaluation  As  intended,  the 
development  and  proofing  of  the  system  was  truly  an  international  effort  A 
contactors  informational  manual  described  the  worldwide  status  of  the  MLS, 
m  1 98 3  as  follows 

ICAO:  Standards  ana  Recommended  Practices  (SARPs)  for  the  angle 
portion  of  the  system  have  been  completed.  The  Precision  (DME/P) 
SARPs  are  expected  to  be  completed  in  1983 

U.S.  FAA  A  request  for  proprosal  was  issued  in  April  1983  for  172 
systems  plus  options  to  be  procured  witn  FY-1982  through  FY-1986 
funds  By  1989,  me  FAA  expects  to  oe  installing  100  systems  per  year 
until  they  have  1,250  installations.  These  first  172-plus  systems  wi !' 
oecome  operational  between  1986  and  1988. 

U.S.  Non-Federal:  T'-<e  word's  first  MLS  (a  Bendix  system)  was 
commissioned  for  !FR  operations  at  Valdez.  Alaska,  on  16  November 
’982.  Additions1  commissionings  are  expected  in  1983, 

International:  Tne  Japanese  CAB  is  testing  the  second  iteration  of 
MLS  built  in  Japan  The  British  CAA  has  ordered  a  Bendix  system  ana 
w’M  start  testing  at  Stenstead  near  London  in  September  1983 
Transport  Canada ’s  awaiting  delivery  of  a  test  system  which  will  be 


used  to  develop  their  specifications  for  procurement  m  1985.  France 
has  a  system  in  development.  The  IJ.S.5.R  is  testing  their  second 
iteration  TRSB  system  in  Leningrad "(  810) 

Worldwide,  400-500  microwave  landing  systems  are  projected  to  be 
operat!ona!  by  1990  Total  transition  from  IL5  to  MLS  is  estimated  to  include 
3,000  systems  with  an  operational  target  date  of  the  year  2000.  (8  10)  As  of 
1984,  Valdez,  Alaska  (Fig.  !)  remains  the  only  operational  MLS  system  wthm 
the  United  States.  A  second  system  is  presently  undergo  mg  testing  at  me  Am 
Force's  designated  lead-in  base,  Shernya,  Alaska.  Equipment  certi’ 'ration 
includes  specif  ication  and  performance  testing  of  airborne  ana  ground 
eauiprnent.  as  well  as  the  establishment  of  faa  maintenance  reporting  ana 
technician  certification.  (1.2) 

Standard  Configuration 

An  impressive  new  system,  the  MLS  is  functionally  divided  into  five 
separate  parts:  (a)  approach  azimuth  angle  guidance,  (b)  back  azimuth  angie 
guidance  (c)  approach  elevation  angle  guidance  (cl)  range  guidance  and  (e>  data 
communications.  These  functions  reflect  a  standard  configuration  MLS  A 
description  of  the  associated  ground  equipment's  functions  are  as  foimws 
The  approach  azimuth  station  provides  the  angle  guidance  anu  data 
communications  information  for  the  system.  Tne  data  commumc atmns 
information  refers  to  the  status  of  the  equipment  and  transmission  reliability 
The  approach  elevation  station  to  provide  approach  elevation  guidance  angle 
Range  guidance  is  provided  through  the  precision  distance  measurinq  equip¬ 
ment  (DME/P)  similar  to  the  previously  used  DME  systems  but  with  upgraded 
accuracy  and  increased  channe1  capabilities. 

The  MLS  identification  is  alphabetic,  four  '>irs  long,  and  is  preceded  by 
the  letter  M  (7  32 1) 


Advantages  of  the  MLS 

Long  in  development,  the  Microwave  Landing  System  (MLS)  promises  to  pay 
back  even  longer  in  benefits  Hr  new  MLS  f u 1  f ills  ill  of  the  requirements  of 
K  AO  Development  Object ive  148,  boasting  the  answer  s  to  problems  1 1 eater! 
by  difficu’r  terrain  features,  increased  margins  oi  safety  during  instrument 
conditions.  approaches  over  populated  areas,  and  servere  weather  conch t ions 
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MLS/STOL  -I  RWV  6  Valdez,  Alaska  (Fig  I ) 
Excerpt  from  Alaska  Terminal  Approach  Publication 
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which  hindered  the  operation  of  the  old  IlS  system  now  does  trie  Ml 5  cie'!ver 
o"’  all  these  promises?  It  delivers  with  precise  def'nition  of  w  ar cried 


approach  path  from  any  point  in  space  the  pilot  selects  This  star-o’-'he  am 
air  navigation  am  provides  this  curved  path  guidance  through  precse 
elevation  angles,  and  range  information  A11  aspects  of  this  data  c an  ue 
displayed  on  conventional  course  deviation  indicator-.-,  <;r  incorporated  a  new 
CRT  cockpit  displays  (Fig. 2K2  *4,5)  The  Ml. 5  allows  'remendous  f'ex'tu'ty  »r 
approach  paths  while  assuring  terrain  clearance  t"roug"  data  mne? m  the 
grounc  equipment.  This  increased  operations'  capab'Oty  represents  to-  rAA's 
principle  motivation  in  supporting  the  development  and  deployment  o'  Mi  5 
increased  precision  of  the  approach  guidance,  ease  of  system  instm'arom 
improved  reiiaDiiity,  a  decreased  susceptibiKy  to  electromagnet': 
interference  (both  on  the  grounc  ana  in  tne  am.*  ?nrj  the  far  higher  nurr:Per  of 
available  tranmisston  channels  result  in  the  MlS  being  rated  techno mc’C ally 
superior  to  the  present  ILS. 

Airspace  management  is  also  enhanced  hy  tne  Ml  5  f  lying  the  MLS  a"ows  a 
degree  of  flexibility  for  Air  Traffic  Controllers  previously  realized  only  w  V^R 
conditions  Course  guidance  for  the  MLS  depicts  a  curved  patn  simu.m  rp 
visual  nigh  key,  or  low  key  fligntpath.  Therefore,  the  MLS  affords  an  increase  m 
numbers  of  amcmaft  wh'ch  can  be  effectively  handled  under  irsmumef't 
conditions  Flying  the  it.5,  aircraft  must  car  fully  sequence  along  the  narrow 
oeam  guidance.  Tne  flight  path  closely  resembles  a  V FR  straignt-m  approach 
path.  The  r?suT 's  lack  of  flexibility,  sequencing  delays  and  overcrowdmg  •- 
contrast  the  MLS  is  responsive  to  performance  criteria  of  different  amcra't 


and  limitations  of  terrain,  and  overflight  restrictions  Using  the  .9  to  20 
deqree  MLS  elevation  scan,  a  pilot  may  select  varied  approacn  angles  (to 
include  two-step  glide  slopes),  best  suited  to  his  aircraft  and  circumstance 
Tne  separate  40  degree  horizontal,  wide  sweep  plane,  permits  use  of  umcue 
curved  flight  paths  These  arvec  approach  patns,  similar  to  a  VFR  flight  path, 
;om  the  projected  runway  centerline  at  a  predetermined  point  on  the  approach 
These  new  instrument  options  '‘esuT  in  less  delays  in  approach  seoimnomg 
w‘th'h  the  amport  fermina!  area  The  abi'ity  fo-  a  controller  to  safely  sHque'me 


mrge  and  small  aircraft  onto  the  final  approach  par:  provides  an  added  mm."T 
o*  flex'Dii’ty  and  safety  when  dea'inc  with  resrr*ctions  of  wake  turbo' ence  arm 
r'oise  abatement.  One  of  the  most  unusual  features  of  the  MLS  is  it  provides 
missed  apprcach  guidance.  This  guidance  includes  glide/climb  oatn  data  tc 
assure  safe  transition  with  terram  and  obstacle  clearance.  This  guidance  is 
provced  withm  a  4C  deqree  fan  on  the  departure  enc.  extending  tc  5  ••■m,  am; 
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:naide  enclosed  srea  beMndthe  azimuth  antenr.a  is  the  'US  mo  rite  ring 
equipment  CRT  here  diaplaua  reel  time  information  a^  veil  a**  a  record 
cf  past  performance  of  MLS  approach  aid  (2  3  Fig  1) 
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MLS  control  panels  tach  panel  contains  controls  tor  frequency 
‘.'SnanncD,  az'imutn  (course's  and  qi»de  slope  selection  Also  vi$iD*e 
a>e  "fail"  and  "warning"  lights  One  additional  pane!  (not.  shown) 
caMs  up  specific  information  Ime  runway  condition"  and  "  minimum 
git  deslope"  (2  4Ciq2) 
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5,000  ft.  A6L  i^g.  3)  (5:Ch.4:Fig.3)  This  safety  factor  allows  me  rsMct  to 
depart  me  terminal  airspace  and  safe!y  tramuUim  to  a  designated  pattern 
reentry  point  (5  64) 

Oes'qnea  with  reliability  ana  mamtamaDi'ity  m  m,r<  Ml  5  ground  eauipmern 
ran  ne  remotely  operated  and  monitored  oy  maintenance  or  tower  pem-mme; 
7nis  new  system's  digital  design  uf  the  ground  equipment,  ouilr  to  -'mate 
cuick  cnanqe-out  of  line-replaceable  units  (LRU),  matures  redunaart  systems 
and  "fail-soft '  technology  All  ground  equipment  has  been  (lessen  with  a 
self-rnor.'tormq  capability  which  can  be  evaluated  at  r»on-co*5ocatea  m  ees  -.-urn 
as  the  airport  tower,  or  maintenance  f3C!i*ty.i3  ! 0> 

ELimidLtlLS 

Although  MLS  cockpit  equipment  varies  from  tne  old  iLS  receiver,  the  actual 
guidance  can  be  displayed  on  the  present  flight  director  systems  most  of  our 
military  aircraft  use  The  mamr  notable  system  difference  to  the  phots  will 
ne  the  replacement  of  the  ILS  receiver  with  an  Ml 5  receiver  The  Ml. 5  rec, eiver, 
once  the  frequency  allocations  have  been  made,  will  aUow  the  pilot  to  dial  m 
one  frequency  which  wi!>  provide  course  gu' dance  and  associated  DME/P 
information.  Presently,  some  <y  the  developmental  systems  requme  two 
separate  receivers  one  for  tne  Ml 5  and  one  tor  OME/P.  A  more  proncunrea 
difference  wi"  be  the  ability  of  the  pilot  to  select  the  glides'ope  ne 
determines  best  serves  his  performance  requirements  it  further  give  mm  me 
ability  to  set  in  a  degree  of  centerline  offset.  This  offset  function  a’'ows  the 
MLS  to  establish  a  curved  flight  path  to  the  runway  Certain  safety  parameters 
are  estaolished  within  the  MlS  approach  system,  wmcn  will  not  allow  me  pilot 
to  set  unsafe  parameters  into  his  onboard  equipment.  Each  operational  MLS 
w’ll  nave  a  maximum  and  minimum  glideslope,  and  a  maximum  azimuth  (com  se 
offset),  selectable  by  the  pilot.  Should  the  pilot  se'ect  parameters  outside 
those  established  in  tne  system,  a  visual  and  aura!  warning  is  introduced  f'rom 
the  ground  system  in  me  future,  some  MLS  multiplex  systems  wi'i  mive  me 
ability  to  cal'  up  six  seperate  areas  of  airfield  data,  to  include  ■  nmuty 
identification,  facP'ty  category,  minimum  glide  s'ope,  runway  identu 'ration, 
runway  condition,  and  azimuth  This  system  provides  even  more  sirefy 
information  *or  the  aircrew  flying  the  approach  (2  4} 
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FMy.!«?E  ?-  COMPAR‘5  'Y  OF  MICPOWAVE  LANC'ING  SYSTEM 
and  INSTP1  MENT  LANDING  SYSTEM 


■nstrijment  landing  sg  ?*?rn 


Nc>  continue.;;  Jic-’inc* 
measurement  two  discrete  range 


Source:  Federal  Aviation  Admin. 
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The  Mjc^owave  Landing  System  promises  to  continue  providing  positive 
improvements  to  the  international  theater  or  flying.  Future  aopl'cat'ons 
include  portable  MLS  systems  to  be  used  in  military  deployments,  joint  service 
testing  began  in  1983  on  a  joint  tactical  microwave  iandmg  system  (jTMLS) 
With  this  exceptional  new  system,  the  anxiety  of  an  approach  over  threatening 
terrain  in  poor  weather  will  be  significantly  lessened.  Highly  depenaao'-e,  Mi.S 
car  assure  reliable  data  from  altitude  through  touchdown  or  missed 
approach^  3:  M) 

The  new  jTMLS  is  envisioned  as  the  heartbeat  of  real  world  nobility 
scenarios  which  might  require  approach  information  in  an  austere  landing 
environment.  The  jtMLS  is  a  lightweight,  portable  landing  system  based  on  hits 
technology  Set  up  time  is  protected  to  be  15  minutes,  and  can  be  accomolisred 
by  a  crew  of  two  technicians.  This  new  system  nas  received  much  at  fen  Mon 
from  the  Arrny  They  view  the  JTMLS  as  a  primary  aid  in  assuring  a  positive 
position  of  mobility.  If  an  engineering  force  can  establish  a  ’  wartime'  landing 
strip,  tnis  system  can  assure  reliable  instrument  approach  data  in  a  zero-zero 
environment.  This  new  system  has  many  advantages  wnich  make  it  a  Key  piayer 
in  future  mobility  planningXFig.  4)  (3:Fig6) 

In  tne  year  2000,  MLS  approaches  will  represent  the  standard.  Approach 
plates  calling  for  5.2  degree  minimum  glide  slope  for  noise  abatement,  a  40 
degree  curved  final,  and  a  roll  out  point  1/2  mile  from  the  runway  threshold 
will  be  common. 

This  handbook  has  endeavored  to  familiarize  you  with  the  history  of  the 
microwave  landing  system,  the  nuts  and  bolts  of  the  system  ana  its  flight 
application.  MLS  is  the  wave  of  the  future,  it’s  beginnings  are  here  ana  now 
Roth  the  MLS  and  the  JTMLS,  presently  under  development.  wiP  sign’! m ant !y 
enhance  fliqr.t  safety  and  mission  accomplishment  (3  6) 


(3  11  Fig6) 
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_ GLOSSARY _ 

ATC  -  Air  Traffic.  Control 

CAA  -  Civil  Aeronautical  Association 

CAB  -  Civil  Aeronautics  Board 

CAT  ll/CATIII  -  Catefory  two  or  Category  three  (instrument  minima) 

CRT  -  Cathode  Ray  Tube 

DME  -  Distance  Measuring  Equipment 

DME/P  -  Precision  Distance  Measuring  Equipment 

DO  -  Development  Objective 

FAA  -  Federal  Aviation  Administration 

ICAO  -  International  Civil  Aviation  Organization 

IFR  -  Instrument  Flight  Rules 

IL.S  -  Instrument  Landing  System 

JTMLS  -  Joint  Tactical  Microwave  Landing  System 

LRU  -  Line  Replaceable  Unit 

MLS  -  Microwave  Landing  System 

PAR  -  Precision  Approach  Radar 

RTCA  -  Radio  Technical  Commission  Aeronautics 

5ARP  -  Standards  and  Recommended  Procedures 

TR5B  -  Time  Reference  Scanning  Beam 

UHF  -  Ultrahigh  frequency 

VHF  -  Very  high  frequency 

V/5TOL  -  Vertical  Short  Takeoff  and  Landing  (aircraft) 
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